Introduction {#Sec1}
============

Epidemiology of Soft Tissue Sarcoma {#Sec2}
-----------------------------------

Soft tissue sarcoma (STS) is a rare tumor (less than 1% of all tumors) with an age-adjusted annual incidence of 2.8 per 100,000 people (World Health Organization world standard population) \[[@CR1]\] and an age-adjusted incidence rate of 2.40 per 100,000 person-years (based on US data) \[[@CR2]\]. In the USA, there are expected to be 12,390 new cases of STS in 2017, resulting in 4990 deaths \[[@CR3]\]. In Japan, 1769 cases of STS were registered in 2015, and a 5-year overall survival (OS) of about 78% was reported \[[@CR4]\] (these data were collected by orthopedic surgeons only, which may explain differences from data from other sources). STS can arise in almost any anatomic site, including the extremities (60% of cases), thorax, abdomen, retroperitoneum, and head and neck region \[[@CR5]\]. More than 50 histologic subtypes of STS, each with different treatment response and prognosis, have been identified and are defined in accordance with the World Health Organization classification \[[@CR6], [@CR7]\]. The wide range of histologic subtypes of STS, and its occurrence at various sites, means that affected patients are treated by various clinical departments; thus, it is difficult to obtain a general overview of STS.

Treatment outcomes for patients with STS have improved greatly over the past few decades. This is attributable to the adoption of a multidisciplinary approach to management of the disease, including surgery, radiotherapy, and systemic therapy. However, the 5-year OS of STS patients taken as a whole remains about 50%, which is far from satisfactory \[[@CR5], [@CR8]\]. This is because, although a 5-year OS of approximately 90% is achieved in patients with early-stage STS, cases of unresectable tumor (which cannot be cured by surgical removal), including those with locally advanced or metastatic disease at diagnosis, have a particularly poor prognosis; for these cases, the 5-year survival rate is only 20--50% \[[@CR5]\]. Therefore, treatment with anticancer drugs has been directed toward improving OS.

Current Systemic Therapy for Advanced STS {#Sec3}
-----------------------------------------

In cases of unresectable and/or metastatic STS, i.e., advanced STS, anticancer drugs used in first-line treatment include doxorubicin, ifosfamide, and dacarbazine; these are used alone or in combination to prolong OS \[[@CR9]--[@CR14]\]. Several clinical studies have shown that combination therapy with doxorubicin and other anticancer drugs can improve treatment response and progression-free survival (PFS), but there is no significant difference from doxorubicin monotherapy in OS \[[@CR11]--[@CR14]\]. Moreover, the use of combination therapy may be limited by adverse effects and reduced feasibility; thus, doxorubicin monotherapy is currently the standard first-line treatment. Nevertheless, the European Society for Medical Oncology guidelines suggest that combination therapy including anthracyclines may be the treatment of choice in patients with good performance status \[[@CR15]\]. Therefore, a combination of anticancer drugs to achieve a good tumor response may be considered in patients with increased symptoms and decreased quality of life due to tumor growth.

Against this background, three new anticancer drugs---pazopanib, trabectedin, and eribulin---have been approved in Japan since 2012 as second-line or later treatment options for patients with advanced STS.

Objectives {#Sec4}
----------

Because STS is a rare tumor, can occur throughout the body, and is treated by various clinical departments, it is difficult for physicians to gain sufficient clinical experience in its treatment. Moreover, few comprehensive reviews are available to guide them in the use of pazopanib, trabectedin, and eribulin. Therefore, in this article we aim to provide information on each drug's profile, appropriate target patients, and proper use of the drugs, which will eventually lead to benefits for STS patients and for physicians treating STS patients. We also aim to highlight the key issues regarding treatment strategies and proper use of the three anticancer drugs for the treatment of advanced STS, based on our review of research conducted in accordance with evidence-based medicine and our combined clinical experience as sarcoma specialists and oncologists.

Methods {#Sec5}
=======

To achieve our stated objectives, we reviewed and discussed data from clinical studies of pazopanib, trabectedin, and eribulin. When selecting prospective clinical studies, the level of evidence was considered to avoid positional bias and maintain objective impartiality. In accordance with our review criteria, from reports published up to December 2016 of clinical studies of the three drugs that enrolled patients with advanced STS who had received previous treatment, we used data from phase III studies (highest evidence level), subgroup analyses of phase II and III studies according to histologic subtype, and prospective clinical studies in Japanese. This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.

In the first section, "[Review of Key Evidence](#Sec7){ref-type="sec"}", we assess the efficacy of each drug by using data from the main analyses of the relevant phase III studies, which have the highest level of clinical evidence. In the second section, "[Review of Histologic Subtypes](#Sec12){ref-type="sec"}", we evaluate the efficacy of each drug for different histologic subtypes of STS. Because the numbers of patients with each histologic subtype were limited and we aim to maximize the data collected, we reviewed the relevant data from subgroup analyses of both phase II and phase III studies. In the third section, "[Safety Considerations](#Sec16){ref-type="sec"}", we review the safety of each drug. To include prospective information on safety of each drug in Japanese patients, we used safety data from the phase III studies, subgroup analyses of data from Japanese patients included in the international phase III study, and two phase II studies conducted in Japan. In addition, we discuss the safety issues to be considered when selecting patients for treatment with pazopanib, trabectedin, and eribulin, based on our combined clinical experience.

Results {#Sec6}
=======

Review of Key Evidence {#Sec7}
----------------------

We reviewed data from the main analyses of the phase III studies of the three drugs \[[@CR16]--[@CR18]\]; their efficacy is summarized in Table [1](#Tab1){ref-type="table"}. The patient characteristics varied between the studies. Regarding the main histologic subtype, the proportions of patients with liposarcoma, leiomyosarcoma, and other histologic subtypes were 0%, 44.7%, and 55.3%, respectively, in the phase III study of pazopanib; 27%, 73%, and 0%, respectively, in the phase III study of trabectedin; and 33.8%, 65.7%, and less than 1%, respectively, in the phase III study of eribulin. Regarding the number of previous chemotherapy regimens for advanced STS defined in the inclusion criteria, for pazopanib the requirement was at least one regimen containing anthracycline and a maximum of four previous lines of systemic therapy for metastatic disease (no more than two lines of combination regimens); for trabectedin, the requirement was at least either a combination of an anthracycline and ifosfamide or an anthracycline plus one or more additional cytotoxic chemotherapy regimen(s); for eribulin, the requirement was at least two standard systemic regimens including an anthracycline. All studies included patients who had received the standard treatment for STS, namely an anthracycline (e.g., doxorubicin)-containing regimen, and the median number of previous chemotherapy regimens in the three studies was two.Table 1Efficacy reported in phase III studies*CI* confidence interval, *HR* hazard ratio, *OS* overall survival, *PFS* progression-free survival^a^By two-sided stratified Wald test^b^By unstratified log-rank test^c^By two-sided stratified log-rank test

Impact of Prolonged Overall Survival in Cancer Therapy {#Sec8}
------------------------------------------------------

The aims of treatment for advanced STS are to reduce symptoms and prolong survival. Therefore, improvements in OS have a large clinical impact, particularly in cases of recurrent STS with a poor prognosis. Recent phase III studies for cancer therapy tend to have OS as the primary end point. In a phase III study designed to evaluate the new drug olaratumab as a first-line treatment option for advanced STS, the primary end point is OS \[[@CR19]\].

### Pazopanib {#Sec9}

The PALETTE (PAzopanib expLorEd in sofT-Tissue sarcoma---a phasE III study) trial was an international, multicenter, randomized, double-blind, placebo-controlled phase III study designed to evaluate the clinical benefits of pazopanib in patients with advanced STS \[[@CR16]\]. Patients with metastatic STS progressing despite previous standard chemotherapy (*n* = 369) were randomized to either the pazopanib arm (800 mg orally once daily; *n* = 246) or the placebo arm (*n* = 123) of the study in a ratio of 2:1. The primary end point was PFS, and the secondary end points included OS. Median PFS was 4.6 months in the pazopanib arm and 1.6 months in the placebo arm, showing a significant improvement in PFS in the pazopanib arm (hazard ratio, HR 0.31; 95% confidence interval, CI 0.24--0.40; *P* \< 0.0001); however, there was no significant improvement in OS (HR 0.86; 95% CI 0.67--1.11; *P* = 0.25) (Table [1](#Tab1){ref-type="table"}). Patients with liposarcoma were excluded from this phase III study, because the phase II study showed insufficient evidence for the efficacy of pazopanib in the treatment of liposarcoma \[[@CR20]\].

### Trabectedin {#Sec10}

The ET743-SAR-3007 trial was a multicenter, randomized, open-label, active-controlled, parallel-group, phase III study designed to evaluate the clinical benefits of trabectedin in patients with advanced STS \[[@CR17]\]. Patients with locally advanced or metastatic STS after previous therapy with an anthracycline and at least one additional systemic regimen (*n* = 518) were randomized to either the trabectedin arm (*n* = 345) or the dacarbazine arm (*n* = 173) of the study in a ratio of 2:1. In the trabectedin arm, trabectedin (1.5 mg/m^2^) was administered as a 24-h intravenous infusion, whereas in the dacarbazine arm, dacarbazine (1 g/m^2^) was administered by intravenous infusion over 20--120 min. In each arm, the study drug was administered on day 1 of every 21-day cycle. OS was the primary end point, and PFS was a secondary end point. PFS was significantly improved in the trabectedin arm compared with the dacarbazine arm (median PFS, 4.2 versus 1.5 months; HR 0.55; 95% CI 0.44--0.70; *P* \< 0.001); however, interim analysis showed no improvement in OS, the primary end point (HR 0.87; *P* = 0.37) (Table [1](#Tab1){ref-type="table"}). One reason for the non-significant result for OS may be the effect of the active comparator, dacarbazine \[[@CR17]\].

It should be noted that the approved dose of trabectedin in Japan is different from that in the USA and Europe; the approved dose in Japan, 1.2 mg/m^2^, which was used in the ET743-SAR-3007 phase III study, is lower than the 1.5 mg/m^2^ dose used in other countries. The approved dose in Japan is based on the results of a phase I study in Japanese advanced STS patients who had received treatment with at least one anthracycline-based regimen \[[@CR21]\]. Dose-limiting toxicity was experienced by two of three patients who received trabectedin at a dose of 1.5 mg/m^2^; one had grade 3 increased creatine phosphokinase and grade 3 anorexia, and the other had grade 4 decreased platelet count.

### Eribulin {#Sec11}

The phase III E7389-G000-309 trial was conducted as a multicenter, open-label, active-controlled, parallel-group study to evaluate the clinical benefits of eribulin in patients with advanced STS \[[@CR18]\]. Patients with locally recurrent, locally advanced, or metastatic STS who had received treatment with systemic regimens including an anthracycline (*n* = 452) were randomized to either the eribulin arm (*n* = 228) or the dacarbazine arm (*n* = 224) in a ratio of 1:1. In the eribulin arm, eribulin mesylate (1.4 mg/m^2^) was administered as an intravenous infusion over 2--5 min on days 1 and 8 of every 21-day cycle, whereas in the dacarbazine arm, dacarbazine (850, 1000, or 1200 mg/m^2^) was administered as an intravenous infusion over 15--60 min on day 1 of every 21-day cycle. The primary end point was OS, and the secondary end points included PFS. OS was significantly improved in the eribulin arm compared with the dacarbazine arm (median OS, 13.5 versus 11.5 months; HR 0.77; 95% CI 0.62--0.95; *P* = 0.0169); however, there was no significant difference between the two arms in the secondary end point of PFS (HR 0.88; 95% CI 0.71--1.09; *P* = 0.23) (Table [1](#Tab1){ref-type="table"}).

Review of Histologic Subtypes {#Sec12}
-----------------------------

In the treatment of advanced STS, it is necessary to choose an anticancer drug that is effective against the specific histologic subtype. However, because STS is a rare tumor, it is difficult to prospectively accumulate clinical data from patients with different histologic subtypes to evaluate the efficacy of particular drugs against each subtype. Therefore, the findings of subgroup analyses by histologic subtype should be taken into account when deciding which drug to use in clinical practice. The chemosensitivity of each histologic subtype to anticancer drugs must also be considered. Therefore, in this section, we review subgroup analyses of data from the phase III studies \[[@CR16]--[@CR18]\] and phase II studies \[[@CR20], [@CR22]\] of pazopanib, trabectedin, and eribulin, and propose treatment strategies for advanced STS.

### Chemosensitivity of Different Histologic Subtypes of STS {#Sec13}

The chemosensitivity of each histologic subtype to anticancer drugs is described in UK guidelines for the management of STS \[[@CR23]\] and in an article summarizing the opinions of international experts regarding patient-tailored management of STS \[[@CR24]\]. On the basis of this information and our combined clinical experience, we examined the treatment for each histologic subtype, and list the primary drugs of choice and substitution drugs of choice in Table [2](#Tab2){ref-type="table"}.Table 2Chemosensitivity of different histologic subtypes of soft tissue sarcoma and treatment options*DTIC* dacarbazine, *DTX* docetaxel, *DXR* doxorubicin, *GEM* gemcitabine, *IFM* ifosfamide, *PTX* paclitaxel, *VAC* vincristine, actinomycin D, and cyclophosphamide, *VAI* vincristine, actinomycin D, and ifosfamide, *VAIA* vincristine, doxorubicin, ifosfamide, and actinomycin D, *VDC/IE* vincristine, doxorubicin, cyclophosphamide, and ifosfamide and etoposide, *VIE* vincristine, ifosfamide, and etoposide^a^Not approved for the treatment of STS in Japan

### Liposarcoma {#Sec14}

In the international multicenter phase III study of pazopanib \[[@CR16]\], patients with liposarcoma were not included in the study. This is because in the phase II study \[[@CR20]\], the primary end point, namely progression-free rate at 12 weeks (PFR~12 weeks~), was 26%, which was lower than the 44% value for leiomyosarcoma, 49% for synovial sarcoma, and 39% for other types of STS, as well as the benchmark value of PFR~12 weeks~ (40%); this last value was used as the minimum at which an anticancer drug can be considered effective as a second-line treatment for STS in phase II studies, based on information from a database of clinical studies including data from patients with various subtypes of STS \[[@CR25]\]. Therefore, current evidence suggests that eribulin and trabectedin are preferable to pazopanib for the treatment of liposarcoma.

Subgroup analysis by histologic subtype, using data from a phase III study, has shown trabectedin to be effective in terms of improvement in PFS for patients with myxoid/round-cell liposarcoma (HR 0.41; 95% CI 0.17--0.98) \[[@CR17]\]. The effect of trabectedin on these subtypes was also shown in a randomized, phase II study in Japanese patients with translocation-related sarcoma (HR 0.03; 95% CI \<0.01--0.22) \[[@CR22]\].

Subgroup analysis by histologic subtype, using data from a phase III study (the E7389-G000-309 trial), has shown eribulin to be effective in terms of improvement in OS for patients with liposarcoma (HR 0.51; 95% CI 0.35--0.75) \[[@CR18]\]. Therefore, eribulin can be expected to improve OS in patients with liposarcoma. Further analyses showed eribulin to be effective for patients with dedifferentiated liposarcoma (HR 0.45; 95% CI 0.25--0.82) and pleomorphic liposarcoma (HR 0.21; 95% CI 0.06--0.76) \[[@CR26]\].

On the basis of the above information, we propose the treatment strategy for liposarcoma shown in Fig. [1](#Fig1){ref-type="fig"}. Eribulin may be the optimal treatment option for liposarcoma, particularly dedifferentiated liposarcoma and pleomorphic liposarcoma after doxorubicin treatment. Trabectedin may be the first option for myxoid/round-cell liposarcoma after doxorubicin treatment. Also, either eribulin or trabectedin can be used for each liposarcoma, depending on conditions such as safety issues and method of administration (for inpatients or outpatients).Fig. 1Treatment strategies for advanced STS in clinical practice. ^a^Not approved for the treatment of STS in Japan. *DTIC* dacarbazine, *DXR* doxorubicin, *GEM* gemcitabine, *DTX* docetaxel

### Leiomyosarcoma {#Sec15}

Patients with leiomyosarcoma made up the greatest proportion (44.7%) of the study population in the international phase III study of pazopanib \[[@CR16]\], in which the primary end point of PFS was met. Subgroup analysis by histologic subtype, as well as predictive analysis for histology subtype using Cox models, showed pazopanib to be effective for leiomyosarcoma in terms of PFS \[[@CR16]\].

In the phase III study of trabectedin, patients with leiomyosarcoma made up the greatest proportion (73%) of the study population, and the primary end point of OS was not met \[[@CR17]\]; however, trabectedin treatment resulted in similar OS compared with dacarbazine (the active comparator). On the other hand, subgroup analysis of data for the secondary end point (PFS) showed an improvement with trabectedin compared with dacarbazine (HR 0.55; 95% CI 0.42--0.73). This finding suggests that trabectedin may be useful in improving PFS.

In the phase III study of eribulin \[[@CR18]\], patients with leiomyosarcoma made up the greatest proportion (65.7%) of the study population, and the primary end point of OS was met for the overall population. Subgroup analysis by histologic subtype of the data for OS showed the effect of eribulin on leiomyosarcoma to be similar to that of dacarbazine (HR 0.93; 95% CI 0.71--1.20). This is thought to be because dacarbazine, known to be effective for patients with leiomyosarcoma \[[@CR27]\], was the active comparator. Therefore, eribulin is deemed to be similarly effective to dacarbazine for patients with leiomyosarcoma. Our proposed strategy for the treatment of leiomyosarcoma based on the above information is shown in Fig. [1](#Fig1){ref-type="fig"}.

Safety Considerations {#Sec16}
---------------------

The selection of patients for treatment with any anticancer drug is based not only on considerations of efficacy but also on considerations of safety of the drug. Safety information from preapproval clinical studies is based on safety data from the limited patients selected in accordance with the inclusion criteria. However, in clinical practice, STS patients have more varied baseline characteristics, and some have poor performance status and decreased organ function. Therefore, the information obtained from clinical studies should be supplemented by expert opinions from specialists with appropriate clinical experience.

In this section, we review the results of the safety analyses from the phase III studies of pazopanib, trabectedin, and eribulin \[[@CR16]--[@CR18]\]; a subgroup analysis of Japanese patients in the phase III study of pazopanib \[[@CR28]\]; Japanese phase II studies of trabectedin and eribulin \[[@CR22], [@CR29]\]; and the Japanese package insert for each drug \[[@CR30]--[@CR32]\]. We summarize the safety precautions that should be considered when selecting patients for treatment with these drugs in clinical practice, taking into account the administration methods for each drug and our combined clinical experience.

The main safety issues to be considered when selecting patients for treatment with pazopanib, trabectedin, and eribulin are summarized in Table [3](#Tab3){ref-type="table"}. The safety profile of each drug should be considered in addition to its efficacy, and appropriate follow-up should be carried out after administration. Moreover, apart from the adverse events listed here, any potential safety issues should be addressed carefully, and treatment should be individualized according to the clinical condition of each patient.Table 3Major safety issues to be considered when selecting patients for treatment with pazopanib, trabectedin, and eribulin, based on expert opinion^a^Based on expert opinion; information was obtained from the package inserts of each drug (sections such as warnings, contraindications, and careful administration)

### Pazopanib {#Sec17}

In both the international phase III study of pazopanib \[[@CR16]\] and the associated subgroup analysis of data from Japanese patients \[[@CR28]\], liver dysfunction was reported as an adverse event. In the pazopanib arm of the overall population (*n* = 240) and in the Japanese subgroup (*n* = 31), the incidence of increased alanine aminotransferase (ALT) (all grades) was 46% and 52%, respectively; the incidence of increased aspartate aminotransferase (AST) was 51% and 65%, respectively; and the incidence of increased total bilirubin was 29% and 42%, respectively \[[@CR28]\]. Therefore, liver function should be monitored before and during treatment.

In the phase III study, pneumothorax occurred in 3% of patients (8/240) in the pazopanib arm \[[@CR16]\], but there were no occurrences in the Japanese subgroup \[[@CR28]\]. However, in a post-marketing report based on data from Japanese patients, the prevalence of pneumothorax was reported to be 10.3% (6/58 patients) \[[@CR33]\]; therefore, physicians should be aware of the possible onset or worsening of pneumothorax, particularly in patients with lung metastases.

Because the mechanism of action of pazopanib includes antiangiogenic effects \[[@CR34]\], hemorrhage is possible in patients with brain metastases. Therefore, safety information should be provided and explained to patients before administration of this drug.

The Japanese package insert for pazopanib states that patients with risk factors for cardiac dysfunction may have exacerbation of symptoms \[[@CR30]\]. Anthracyclines such as doxorubicin, which have cardiotoxic effects, may be used as first-line treatment for advanced STS; thus, caution is required when pazopanib is used as the second-line treatment.

In the phase III study, hypertension (grade 3 or higher) occurred in the pazopanib arm, in both the overall population (grade 3, 7%; grade 4, 0%) and the Japanese subgroup (grade 3, 16%; grade 4, 0%) \[[@CR28]\]. However, protocols for the management of hypertension have been established; thus, control of associated symptoms should be possible in patients who experience hypertension as an adverse effect of pazopanib. Safety information should be provided to patients before administration of the drug, and appropriate monitoring of blood pressure during treatment is essential.

In the pazopanib arm of the phase III study, grade 3 or higher fatigue was reported in less than 14% and in 3% of patients in the overall population and the Japanese subgroup, respectively; and grade 3 or higher diarrhea in 5% and 6%, respectively \[[@CR28]\]. These adverse effects are readily recognized by patients, but the symptoms are difficult to control. No management of fatigue has been established, and it may become necessary to reduce the dosage of pazopanib in patients experiencing this adverse effect. Regarding diarrhea, if symptoms fail to improve with supportive care, interruption or reduction of dosage is necessary.

In regard to the administration of pazopanib, the oral route is convenient for patients.

### Trabectedin {#Sec18}

Abnormal changes in laboratory test values associated with bone marrow suppression were recorded in the clinical studies of trabectedin. In the trabectedin arm (*n* = 340) of the phase III study, neutropenia (grade 3, 21%; grade 4, 16%) and anemia (grade 3, 14%; grade 4, 0%) were reported \[[@CR17]\]. In the trabectedin arm (*n* = 36) of the Japanese phase II study, neutropenia (grade 3, 31%; grade 4, 36%), leukopenia (grade 3, 31%; grade 4, 25%), thrombocytopenia (grade 3, 11%; grade 4, 6%), lymphopenia (grade 3, 19%; grade 4, 3%), and anemia (grade 3, 19%; grade 4, 0%) were reported \[[@CR22]\]. Therefore, blood tests and careful examination of patients for the presence of infection should be carried out before administration of trabectedin; regular blood tests are also required during treatment.

Febrile neutropenia (grade 3, 11%; grade 4, 3%) was reported in the trabectedin arm of the Japanese phase II study \[[@CR22]\].

Abnormal changes in laboratory test values associated with liver dysfunction were also recorded in the clinical studies of trabectedin. In the trabectedin arm of the phase III study, increased ALT (grade 3, 25%; grade 4, 1%), increased AST (grade 3, 12%; grade 4, 1%), and increased alkaline phosphatase (ALP) (grade 3, 1%; grade 4, 0%) were reported \[[@CR17]\]. In the trabectedin arm of the Japanese phase II study, increased ALT (grade 3, 47%; grade 4, 14%), increased AST (grade 3, 33%; grade 4, 8%), increased gamma-glutamyltransferase (grade 3, 22%; grade 4, 3%), and increased ALP (grade 3, 6%; grade 4, 0%) were reported \[[@CR22]\]. In the same study, grade 1 or 2 increased blood bilirubin (11%) was also reported in the trabectedin arm \[[@CR22]\]. In clinical practice, we have encountered serious cases of liver dysfunction in patients treated with trabectedin. Therefore, monitoring of liver function is required in these patients, both before and during treatment.

As with pazopanib, trabectedin may also cause the onset or worsening of cardiac dysfunction when administered to patients with a history of treatment with anthracycline drugs and those with cardiac dysfunction. Before administration of trabectedin, patients are likely to have a history of treatment with doxorubicin, which has cardiotoxic effects; therefore particular caution is required.

Rhabdomyolysis (grade 4, 3%) and increased creatine phosphokinase (grade 3, 6%; grade 4, 0%) were reported in the trabectedin arm of the Japanese phase II study \[[@CR22]\], and we have encountered serious cases in trabectedin-treated patients in clinical practice. In addition to vigilance for the initial symptoms (e.g., muscular pain and weakness), monitoring is required for increased creatine phosphokinase or increased blood or urinary myoglobin concentration. Appropriate management, including discontinuation of treatment, should be taken if patients had abnormal changes in these values, and physicians and medical staff should be aware of this before the start of treatment.

Fatigue of grade 3 or higher was reported in 6% and 3% of patients in the trabectedin arm of the phase III study and the Japanese phase II study, respectively.

Because trabectedin is administered by 24-h intravenous infusion using a central venous catheter or port, hospitalization is required. Tissue necrosis may occur, and extravasation is a concern. If extravasation occurs, the administration of trabectedin should be interrupted immediately; medical staff should be aware of this measure.

### Eribulin {#Sec19}

Abnormal changes in laboratory test values associated with bone marrow suppression were recorded in the clinical studies of eribulin. In the phase III study (eribulin arm, *n* = 226), neutropenia (grade 3, 20%; grade 4, 15%), leukopenia (grade 3, 8%; grade 4, 2%), and thrombocytopenia (grade 3, \<1%; grade 4, 0%) were reported \[[@CR18]\]. In the Japanese phase II study (*n* = 51), neutropenia (grade ≥3, 86%), leukopenia (grade ≥3, 75%), lymphopenia (grade ≥3, 33%), anemia (grade ≥3, 14%), and febrile neutropenia (grade ≥3, 8%) were reported \[[@CR29]\]. The incidence of adverse events associated with bone marrow suppression reported in the clinical studies of eribulin was lower than in those of trabectedin \[[@CR17], [@CR22]\], although direct comparison of safety data is difficult because of the different background characteristics of the patients in these studies. However, close examination for signs of bone marrow suppression is still required before administration of eribulin, as well as appropriate monitoring after administration, because bone marrow suppression can affect vital functions. The incidence of febrile neutropenia was higher in the Japanese phase II study \[[@CR29]\] than the phase III study \[[@CR18]\]. However, the overall incidence of febrile neutropenia was less than 10% in both studies.

Abnormal changes in laboratory test values associated with liver dysfunction were recorded in the Japanese phase II study, namely ALT increase (grade ≥3, 6%) and AST increase (grade ≥3, 4%) \[[@CR29]\]. In clinical practice, we have not encountered any serious cases of liver dysfunction in patients treated with eribulin; however, it is essential to assess liver function before its administration.

In the phase III study of eribulin, grade 3 or higher peripheral sensory neuropathy (grade 3, 2%; grade 4, 0%) was recorded in the eribulin arm \[[@CR18]\]. In contrast, in the Japanese phase II study, the severity of peripheral sensory neuropathy was grade 1 and 2 \[[@CR29]\]. The likelihood of the onset of peripheral sensory neuropathy depends largely on previous treatment; therefore, caution is required in patients previously treated with drugs such as vincristine that cause peripheral sensory neuropathy. However, vincristine is generally administered to young children with rhabdomyosarcoma; therefore, its target patients differ from those of eribulin. However, as peripheral sensory neuropathy may occur as a result of cumulative toxicity, caution is required in the long-term administration of eribulin.

Overall, we consider that the toxicities of eribulin are manageable, and that management of adverse effects of eribulin is relatively straightforward on the basis of our experience.

Eribulin needs to be administered by intravenous infusion. However, as this takes only 2--5 min, it is possible to administer the drug in an outpatient visit.

Discussion {#Sec20}
==========

In light of new treatment options that have been developed with the aim of improving OS in patients with advanced STS, we propose in this article an optimal treatment approach to the use of pazopanib, trabectedin, and eribulin based on current evidence from the relevant clinical studies. In addition, regarding the safety profiles of each drug, the review of clinical study data and our experience in clinical practice may be useful for the selection of appropriate patients for treatment with these drugs. The primary end points of pivotal studies were used in this article. However, because the primary end point of trabectedin and eribulin was OS, and that of pazopanib was PFS, the results of these studies were not directly comparable. For this reason, in this article we have described, in an objective manner, the characteristics of these drugs.

In Japan, pazopanib, trabectedin, and eribulin can be used for all histologic subtypes of STS. However, each drug has a different profile. For the proper use of these drugs, and to maximize their benefit to patients, it is necessary to understand the efficacy and safety profiles of each drug, and to provide treatment in accordance with evidence-based medicine. To achieve these objectives in clinical practice, first, anticancer drugs should be selected according to their sensitivity to histologic subtypes and safety profile on the basis of the findings of clinical trials, as described in this article. In addition, consideration of expert opinions based on clinical experience is recommended. For instance, when choosing an anticancer drug for second-line treatment of liposarcoma and leiomyosarcoma, in addition to the clinical evidence, safety issues such as the onset or worsening of cardiac dysfunction caused by doxorubicin should be considered. Furthermore, retrospective studies from Japan have shown the inferior efficacy of pazopanib in the treatment of liposarcoma compared with other subtypes \[[@CR35], [@CR36]\]. Ifosfamide can also be an option for second-line and later treatment for metastatic STS, especially in cases of fibrosarcoma and synovial sarcoma. However, the response rate for leiomyosarcoma has been shown to be lower than for fibrosarcoma and synovial sarcoma \[[@CR37]--[@CR39]\]. In addition, this treatment requires hospitalization, and attention should be paid to the possibility of renal dysfunction. The efficacy of gemcitabine, given alone or in combination with other drugs, has been studied. In a randomized phase II study in patients with metastatic soft tissue sarcoma, the combination of gemcitabine and docetaxel resulted in superior PFS and OS compared with gemcitabine alone, but with increased toxicity \[[@CR40]\]. However, the combination regimens of gemcitabine with dacarbazine or vinorelbine have not been approved in Japan.

For other histologic subtypes, pazopanib may be effective for synovial sarcoma on the basis of the results of the subgroup analysis of the international phase III study, although the number of patients was limited (*n* = 30) \[[@CR16]\]. Predictive analysis, using Cox models, of PFS according to histologic subtype also showed the effectiveness of pazopanib against synovial sarcoma, with no significant interaction between histologic subtypes \[[@CR16]\]. The number of STS patients with histologic subtypes other than liposarcoma and leiomyosarcoma is small, and it is therefore difficult to evaluate the efficacy of each drug in clinical studies. The phase III studies of trabectedin and eribulin included patients with leiomyosarcoma and liposarcoma but not undifferentiated pleomorphic sarcoma \[[@CR17], [@CR18]\]. In contrast, the phase III study of pazopanib included patients with undifferentiated pleomorphic sarcoma \[[@CR16]\]. Therefore, it is inappropriate to discuss in this article the treatment of undifferentiated pleomorphic sarcomas. The phase II studies of pazopanib, trabectedin, and eribulin included patients with undifferentiated pleomorphic sarcoma, but the data are insufficient to enable us to make specific recommendations for treatment \[[@CR20], [@CR29], [@CR41], [@CR42]\]. A more practical approach to evaluation of the effectiveness of pazopanib, trabectedin, and eribulin against specific histologic subtypes of STS is recommended, namely to generate evidence by obtaining clinical data retrospectively. For example, the Japanese Musculoskeletal Oncology Group have conducted a study to evaluate the effects of pazopanib in Japanese STS patients, based on safety data gathered by post-marketing surveillance and efficacy data obtained at the study group sites \[[@CR35]\]. It is expected to accumulate real-world data including information on various histologic subtypes.

To provide more effective treatment, it is preferable to identify biomarkers. Trabectedin has been shown to reduce the risk of progressive disease or death in patients with advanced translocation-related sarcoma \[[@CR22]\]. In addition, tumor biomarkers for safety and efficacy end points have been incorporated into the phase III study of eribulin as a planned exploratory analysis \[[@CR18]\]; the results are awaited with interest.

It may be necessary in future clinical studies to evaluate sequential therapy, for example the efficacy in terms of OS of trabectedin after eribulin or OS of eribulin after trabectedin in the treatment of liposarcoma. In a phase III study, eribulin monotherapy resulted in no significant difference in PFS but significantly improved OS compared with dacarbazine, suggesting that eribulin might have induced biological effects on tumor vascularization, microenvironment, and metastasis \[[@CR18]\].

We have proposed treatment strategies for advanced STS by histologic subtype as well as safety considerations based on our clinical experience in the use of pazopanib, trabectedin, and eribulin. These would benefit patients by maximizing the therapeutic effects and enhancing the proper use of these drugs.
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